Using different ammonium perchlorate (AP) resources even with the same particle size distribution and the same physical and chemical characteristics have some effect on the ballistic performance of aluminized composite solid rocket propellant (Al-CSRP).The main goal of this paper is to retain the optimum characteristics performance of (CSRP) formulations after changing the AP resources either by adapting the particle size distribution of the new AP particles or by adding a catalyst. Effect of changing particle size distribution for the new source ofAP on the ballistic characteristic of (Al-CSRP) was studied in this paper but no significant effect on the goal of this work was obtained. Three burning rate modifiers (BRM) (catalysts) were added separately on the prepared (Al-CSRP) formulations to study their effect on the performance and the ballistic characteristics of these formulations. Nanosized Barium Ferrite (BF) catalyst was able to retain and recover the required ballistic characteristics of CSRP formulation containing the newAP resources, and hence the aim of this work was achieved. Thermal analysis studies were performed on the different types of AP and also on mixtures of AP with different BRM to find the optimum weight percentage of added catalyst. The required weight percentage of nano-sized BF which achieves the goal of this work was found to be 0.05-0.07% basedon the CSRP formulation mass.
Material
All the chemicals used in this work are: hydroxyl terminated poly-butadiene(HTPB), hexamethylenediisocyanate (HMDI), di-octyleazelate (DOZ), MT-4, aluminum powder (Al), ammonium perchlorate (AP), ferric oxide(Fe 2 O 3) , copper chromite(CCr), barium ferrite(BF).
Introduction
It was found that adding different types of burning rate modifiers with the same weight percentage on definite chemical compositions have showed also markedly effect on the performance and burning rate of the tested formulations (1, 3) .The composite propellant formulation studied based on HTPB ("nominal formulation") with the ingredients primarily consisting of 400 and 10 μm AP particles.Transition metal [Mn(II), Fe(II), Fe(III), Co.(II), Ni(II), Cu(II) and Zn(II)] salts of 5-nitro-2,4-dihydro-3H-1,2,4-triaole-3-one (NTO) have been incorporated as ballistic modifiers in composite solid propellants (CSPs) of hydroxyl terminated polybutadiene (HTPB) ( 2, 5) .Nano-aluminum particles of 50 nm size are added to composite solid propellants based on AP and hydroxyl-terminated poly-butadiene binder that exhibit plateau burning rate trends and those including burning rate catalysts (3, 13) .A very important note is the care when using solid accelerators because they have the tendency to migrate through the propellant mass during aging (4, 14) .Thermal analysis techniques such as DSC and TGA were employed successfully to evaluate the thermal characteristics of CSRP and to examine the performance of these formulations (5, 8, 10 ).
Experimental
The most commonly used types of composite propellants consist mainly of polyurethane binder based on hydroxyl terminated polybutdiene (HTPB), ammonium perchlorate (AP) as an oxidizer, aluminum powder (Al) as metallic fuel and some processing and ballistic additives. In this research, we study the effect of changing the source of AP production on the thermal behavior of AP and the HTBP -CSRP based on it, then the ways for improving the AP thermal behavior and the ways for obtaining the same behavior of different sources.
Preparations of composite rocket propellant formulations
The main objective of this work is divided into three main parts, full analysis and characterization of already given and newsource of AP, Thermal analysis of both types of AP then thermal analysis of new source of AP with different burning rate modifiers. Preparation of propellant samples through studying the main effective parameters such as AP type, different distribution of AP particle size and the role of burning rate modifiers. The binder used in this work was HTPB pre polymer of 0.85 mg equivalent OH/g HTPB with DOZ as plasticizer and MAT4 as bonding agent. The pre polymer, bonding agent and the plasticizer were mixed together at 50-60 o C then solid ingredients were added in portions and thoroughly mixing was continued for 30 minutes. At the end of mixing process, the curing agent HMDI of 11.9 mg equivalent NCO/g HMDI was added by certain amount which keeps the NCO/OH ratio as 0.7 and mixing was carried out for relatively short time. Special degassing unit was employed to get rid of any air bubbles before slurry casting in special moulds for different measurements. Finally, the prepared formulations were cured at about 60 o C for two weeks (14) .The work was run through the following stages: 
Thermal analysis of AP by DSC-TG
The thermal analytical measurements (TAM) can describe the materials phase changes with the enthalpy changes accompanying them. Therefore, their thermal behavior can be investigated under these phases by the accurate analysis of the thermo-grams belonging to each ingredient. Thermal analysis performed by TA instrument (model SDTQ 600) simultaneous TGA-DSC thermo gravimetric analyzer. The analysis were conducted for a total sample mass of 16.0 ± 0.4 mg. A known amount of sample was loaded and evenly spread on the alumina micro crucible. The samples were heated under nitrogen flow (100 ml min -1 ) from 50 to 550°C, at 5°C /min.TGA, DSC and/or DTA techniques is hoped to be deeply help in the combustion properties evaluations through the direct application of their results at the propellant combustion zone. That will be applied by the direct handling of their digital data results to calculate their decomposition characteristic (kinetic) parameters.
Measurement of ballistic performance parameters
The performance parameters of the prepared propellant formulations as burning rate, specific impulse and characteristic exhaust velocity were measured using standard two inch testing rocket motor provided with nozzle of 7.3 mm throat area diameter which means certain operating pressure and certain burning rate for each formulation.
Results

Results of DSC-TGA for old and new AP (200 µm) crystals
The obtained results for DSC-TGA for the old and new AP crystals of average particle size (200 µm) are shown in figures (4.1 and 4.2) respectively. − Each one from the four mixtures was tested by the DSC, the onset and maximum peak temperatures for both endothermic and exothermic peaks are listed in tables (4.2-4.5).
The mass of each burning rate modifiers add to one hundred grams of the AP new source (APNS) with the corresponding onset and the maximum peak temperature results are shown in the same tables.
Proceeding of the 7 th ICEE Conference 27-29 May 2014 ENMA-4 6/13 6/13 From the above tables it's obvious that the onset temperature for the endothermic and the exothermic peaks for new AP with all different BRMS are higher than that for old or new AP without modifiers. The onset temperature of the exothermic peaks obtained for the burning rate modifiers CC and BF are lower than those obtained for the BRMS TCP and FO.
Characteristics of formulation containing anew AP of different particle size distributions.
The composition of mix.3, mix.4 and mix.5 where described in table (4.2). In these formulations, the metallic fuel content and the binder content were kept without changing, the particle size distribution of the new AP was altered. The results obtained for the density and stress strain characteristics are listed in table (4.6). It's clear that from figure (4.4) that the r-p relations represented by three points for each mix are located outside the accepted zone between the lower and upper limit at temperature +21°C. The three points for mix 5 are just touching the lower accepted limit for r-p relation at +21°C.We can come to conclusion that: a) The burning rate behavior of the three formulations is outside the required aim of the ballistic characteristics for the CSRP. b) Composition of mix 5 needs little modification to make the points of the R-P relation to be located in the middle of the accepted zone between upper and lower limits of the burning rate behavior at +21°C. 
4.3Mechanical properties of propellant samples
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The mechanical properties of all the prepared propellant sample have the recommended margin which indicates that different BRM haven't any obvious effect on the samples mechanical properties and also shows well prepared sample with perfect raw materials.
Ballistic properties of composite solid rocket propellant formulations based on new source AP and different burning rate modifiers
The above mentioned CSRP formulations (mixes 6-9) were tested by using two inch rocket motor to determine the r-p relations employing different nozzles.
The obtained results of r-p relations are listed in table (3.10) also the location of the points which represent those relations between r and p are plotted in figure (3.8) . 
11/13
From the results in the Table (4.10) and Fig. (4.8) , it is clear that the compositions containing copper chromite and ferric oxide (mix 6 and mix 7) are not within the accepted standard lower and upper limit of r-p relation at +21°C. The CSRP composition containing Barium ferrite (mix 8) has r-p relation inside the required standard reference domain but very close to the upper accepted r-p limit. It is believe that by lowering the percent of the barium ferrite modifier from 0.06 % to 0.05 or 0.04 % the location of the points of r-p relations should be in the middle of the standard reference domain, CSRP formulation containing TCP (mix 9) does not modify affect the r-p relation and gives the results as sample without BRM, which indicates that TCP works as anti-caking agent only and haven't any effect of increasing the burning rate of CSRP formulations. Figure (4.9) contains the r-p relations for the prepared formulations, mixes 1, 2, 6, 7, 8 and 9 to facilitate the comparison between them at + 21°C. It's obvious from table (3.11) that the values of the constant a and the exponent n for the recommended CSRP formulation containing barium ferrite modifier are very close from the values of the standard one.
Conclusion
It was clear that the practical work on laboratory scale will give us more obvious results by Changing in chemical compositions then the results analysis from two test motors leads to use different available burning rate modifiers (Ferric oxide, Cupper Chromites and Barium ferrite) with different particle size with the same weight percentages of exact particle size AP shows the significant effect on the AP activation energy using DSC.
Using different burning rate modifiers with different particle size (CC, BF and FO) with the same weight percentages shows the significant effect on the burning rate behavior. From the previous note that it's shown the BF is the best burning rate modifier could be used to adjust the AP from new source. There is no obvious difference in mechanical and physical properties due to change the kind or particle size of burning rate modifier.
